Different processing techniques were assessed to attenuate the antigenicity of banana prawn tropomyosin (Fenneropenaeus merguiensis). Frying and boiling at different temperatures, acid treatment using different acids and storage at À20°C up to 3 months were investigated. Untreated prawn sample was used as a control. Frying significantly increased antigenicity (6-8 times) in temperature-dependent manner, whereas the trend was fundamentally reversed with boiling. Boiling at 121°C resulted in the lowest antigenicity (12.99 mg mL
Introduction
Trends towards healthier dieting have made seafood as one of the most attractive foods consumed worldwide in the last few decades (Sicherer et al., 2004; Wild & Lehrer, 2005) . Within this category, crustaceans (shrimp, crab and lobster) are one of the top eight foods that cause over 90% food-borne allergies with symptoms including respiratory disorders, laryngospasm, asthma, long-lasting gastrointestinal and dermatological symptoms, and even life-threatening anaphylaxis (WHO, 2001; Steensma, 2003; Yu et al., 2003) . Moreover, prawn allergy in children and adults affects more than 2% of the global population, which in turn creates massive socio-economic problems to contemporary society (Mullins et al., 2007; Lopata et al., 2010; Rahman et al., 2010) .
The main prawn protein recognised for induction of allergy is tropomyosin (TM), a muscle protein having a molecular weight of 34-39 kDa (Hoffman et al., 1981) . Other allergenic proteins, including myosin light chain (MLC), myosin heavy chain (MHC), sarcoplasmic calcium-binding protein (SCP) and arginine kinase (AK), have also been identified recently (Ayuso et al., 2009; Fernandes et al., 2015) . Tropomyosin is a heatstable and water-soluble protein that constitutes up tõ 20% of muscle protein and belongs to the family of actin filament-binding proteins. Different isoforms of this protein regulate muscle contraction through calcium sensitive interactions between actin and myosin (Hoffman et al., 1981; Rahman et al., 2010) . It has been characterised as a highly conserved myofibrillar protein composed of two identical subunits, each in a-helix formation coiled around one another (Shanti et al., 1993) .
Tropomyosin is responsible for over 80% of all prawn allergy-related incidences (Chapman et al., 2006; Troiano, 2016) . It is termed a major allergen not only in prawns but also in other crustaceans (crabs, lobsters, krills), molluscs (squids, octopus, abalone, snails, clams) and invertebrates (cockroaches, house dust mites), showing 90% homology (Chapman et al., 2006; Motoyama et al., 2007) . On the other hand, MLC, AK and SCP are also heat-resistant, but their IgE binding greatly decreases due to alteration of their secondary structure during processing (Ayuso et al., 2009; Kamath et al., 2014; Zhang et al., 2015) .
Banana prawn (Fenneropenaeus merguiensis) is one of the most popular and widely distributed prawns in the Indo-Pacific region (Held et al., 2011) . Prawns are processed by different methods prior to consumption to foremost achieve required level of safety and preservation and then to improve nutritional properties and palatability (Liu et al., 2010; Lepski & Brockmeyer, 2013) . In general, various processing methods (boiling, frying, freezing, microwave roasting, steaming, grilling, high-pressure treatment, radiation and ultrasound) result in certain structural protein modifications including unfolding, crosslinking between structural elements and aggregation, and chemical alterations such as oxidation and glycosylation of some amino acid residues (Yamagata & Low, 1995; Liu et al., 2010; Lepski & Brockmeyer, 2013) . In addition, processing of prawns may destroy existing epitopes or generate new ones (neoallergen formation), mask or unmask epitopes in the protein structure, which would directly affect antigenicity (Lehrer et al., 2003; Taylor, 2008) .
Previous studies (Rahman et al., 2010; Kamath et al., 2013 Kamath et al., , 2014 Lasekan & Nayak, 2016) on prawn species (tiger, vannamei and king prawns) have reported on the effect of a single temperature heat treatment on antigenicity; however, effects of sequential temperature changes in frying or in boiling have not been studied in prawns. Moreover, a study is missing that would establish an impact of frozen storage or mild acid treatment on antigenicity of prawn protein. The aim of this study therefore was to establish the impact of different processing methods and identify the most suitable processing technique to minimise tropomyosin-derived antigenicity in banana prawn.
Materials and methods

Extraction of protein from untreated prawn
Fresh banana prawns (Fenneropenaeus merguiensis) were supplied by a local retailer (Woolworths, Melbourne, Australia). The prawns were washed in distilled water for 2-3 min to remove external contaminants, after which the outer shells were removed and deveined using the tip of a sharp blade. The extraction of prawn protein followed an established protocol (Kamath et al., , 2014 with some modifications. Muscles were cut into smaller pieces and homogenised in a phosphate-buffered saline solution (pH 7.4) at 1:3 ratio using a laboratory blender (Waring 8011ES, NJ, USA) for 5 min. The slurry was agitated for 3 h at 4°C, followed by centrifugation (Beckman Coulter Avanti J-26S XPI centrifuge, CA, USA) at 29 4009 g for 15 min at 4°C. The supernatant of the mixture was carefully separated using a micropipette and stored in a sealed labelled container at À80°C as the control.
Sample treatment and protein extraction
Fresh prawn samples were washed with distilled water, then deshelled and deveined prior to all treatments. Prawn muscles were boiled at four different temperatures (100, 114 and 117°C) using a Multicooker (Breville Fast Slow Pro, Sydney, NSW, Australia), while an autoclave (Atherton, Melbourne, Vic., Australia) set at 121°C was used for boiling. In all cases, the samples were subjected to a 15-min heat treatment. For the frying process, prawn muscles were submerged in hot Sunflower seeds oil at 150, 170 or 190°C, respectively, for 5 min each in a VersaCook TM cooker (Electronic Multi Cooker X5, Sydney, NSW, Australia). Prawn muscles were submerged in acetic acid (white vinegar) and hydrochloric acid (HCl) separately at pH 2.5 for 15, 30 or 45 min, respectively. Further treatment of fresh prawn muscles was subjected to slow freezing and then stored at À20°C for 72 h, 1, 2 or 3 months. Furthermore, prawn proteins were also treated with a wide range citric acid-phosphate buffer (pH 2.2-7.45) to elucidate the effect of different pH levels on antigenicity. Proteins for each treatment were then extracted following the similar method described for the control sample. After extraction, protein samples were stored in sealed labelled containers at À80°C for further analysis.
Determination of protein content
The protein content of each extract was determined using the Kjeldahl method and Bradford Assay Kit (Bio-Rad Laboratories, Sydney, NSW, Australia), following the manufacturer's instructions. For the Kjeldahl method, a 2020 Digester Unit (Foss, DS20, Hillerod, Sweden) was used for sample digestion and a Foss 2012 Distilling Unit was used for distillation. Bovine serum albumin (BSA) was used as the protein standard for the Bradford method .
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
The SDS-PAGE under reducing conditions was performed to visualise the total protein repertoire in the prepared extracts (Rahaman et al., 2016) with slight modifications. Briefly, protein extract (2 mg mL À1 ) was diluted 1:1 with Laemmli buffer (containing 5% of 2-mercaptoethanol) and heated for 3 min at 95°C. Exactly 12 lg of protein was loaded onto each well in a 4-20% Mini-Protean TGX Stain-free Precast gel (Bio-Rad Laboratories). Electrophoretic separation was achieved according to a Bio-Rad recommended process. Precision Plus Protein Unstained Standard was used as a molecular weight marker (MWM). Separated protein bands on the gel were visualised by activating protein bands for 2.5 min, and gel images and quantification were accomplished using a Chemi-Doc imager (Chemidoc MP, Bio-Rad).
Immunoblot analysis
The method used by Kamath et al. (2014) for immunoblot analysis was followed with some modifications. Proteins resolved by the SDS-PAGE were transferred to an activated 0.2 lm polyvinylidene fluoride (PVDF) membrane for immunoblotting to immobilise them during antibody treatment using a Trans-Blot Turbo Transfer System (Bio-Rad) at 25 V for 7 min. The membrane was placed in a box (12 9 8.5 9 7) cm and washed 2 times in 30 mL phosphate-buffered saline containing 0.1% Tween-20 (PBST) with constant shaking at 150 r.p.m. (Ratek, Orbital mixer, Melbourne, Vic., Australia) for 5 min each. After this step, the immunoblot was incubated with a blocking buffer (5% w/v nonfat dry milk in PBST) at 4°C for 2 h and then further incubated with an Anti-Tropomyosin antibody (MAC 141, Abcam Australia Pty Ltd, Melbourne, Vic., Australia). The Anti-Tropomyosin antibody was diluted at 1:3000 with 2.5% w/v nonfat dry milk in PBST and kept overnight at 4°C under constant mixing at 150 r.p.m. After rinsing the membrane 5 times with PBST for 5 min per rinse, it was incubated with Goat Anti-Rat IgG H&L HRP pre-adsorbed (Abcam Australia Pty Ltd) and diluted 1:3000 in PBST for 2 h at 4°C. IgG binding was detected using enhanced chemiluminescence (Thermo Pierce ECL Western Blotting Substrate), and images were captured by ChemiDoc imager (Chemidoc MP, Bio-Rad).
Determination and confirmation of molecular weight of tropomyosin
To determine the actual molecular weight of tropomyosin using unstained gel, the SDS-PAGE was performed at 200 V for 45 min with untreated prawn protein extract in lanes 2-6 and precision plus protein unstained standard was used as a molecular weight marker (MWM) in lane 1 (Fig. 1) . Target protein bands having molecular weight 34, 37 and 40 kDa were cut and removed from lanes 3, 4 and 5, respectively, whereas in lane 6, all the three bands (34, 37 and 40 kDa) were cut and removed. Lane 2 retained all three bands (34, 37 and 40 kDa) as a control. Figure 1 depicts the description of the methodology used for the determination of the actual molecular weight of tropomyosin.
Enzyme-linked immunosorbent assay (ELISA) kit
The presence of tropomyosin was tested in the extracted protein samples using a sandwich ELISA test kit according to the manufacturer's instructions (RIDAS-CREEN Ò FAST Crustacean, Tropomyosin, R-Biopharm, Darmstadt, Hesse, Germany). Each sample was tested separately and replicated. Briefly, 1 mL extracted protein sample was mixed with 19 mL of preheated (60°C) allergen extraction buffer. The solution was shaken vigorously, incubated at 60°C for 10 min in a water bath, cooled on an ice bath, and centrifuged at 25009 g (Eppendorf centrifuge 5810 R, Hamburg, Germany) for 10 min. An aliquot of 100 lL sample supernatant was transferred into each microwell pre-coated with the antibody. After 10 min of incubation at room temperature, the liquid was then poured out of the wells by turning the plate upside down on absorbent paper and tapping it vigorously three times in a row. The plate washed three times with 250 lL wash buffer. An aliquot of 100 lL conjugate solution was added to each well, shaken gently to mix, and incubated at room temperature for 10 min. The microwell was washed again three times. After that 100 lL of chromogen was added to each well, shaken gently and incubated in the dark at room temperature for 10 min to develop the blue colour. Finally, 100 lL of stop solution was added to each well to halt the reaction and absorbance reading was taken within 10 min using an ELISA plate reader (iMark microplate absorbance reader, Bio-Rad, Tokyo, Japan) at 450 nm.
Statistical analysis
Results were analysed using a general linear model (GLM) procedure of the Statistical Analysis System (SAS), version 9.2. The experiments were arranged in a randomised block design with treatments as the main factor, while the replications served as a block. The effect of different processing techniques on the antigenicity of prawn was considered to be significant at P ≤ 0.05.
Results
SDS-PAGE protein profile in prawn samples
Control
The SDS-PAGE protein profile of banana prawn shows multiple bands between 10 and 250 kDa (Fig. 2) . In case of the control, 14 protein bands were present, of which 20, 34, 37, 40, 75 and 90 kDa were prominent, with 25, 30, 45, 55, 105, 175 and 213 kDa less visible; however, one protein band over 250 kDa was also noticeable. Protein bands of molecular weights 10 and 14 kDa were not present in the control.
Heat-treated samples
For fried prawn sample extracts, protein bands did not appear sharp on the SDS-PAGE. Only seven protein bands with molecular weights 10, 14, 20, 34, 40, 42 and 75 kDa were slightly visible. The trend was similar for all three frying treatments in Fig. 2 . Protein profile for boiled samples was similar to those of the fried protein extracts; however, seven of the protein bands were noted within the range of 10-250 kDa but less visible in comparison with the fried samples. Boiled prawn protein samples at 121°C which is showing significantly lighter (P ≤ 0.05) band intensity compared with the other bands.
Acid-treated samples
For acid-treated samples, the final pH range reached in the extracts was between 4.7 and 4.9. Acetic acidtreated samples, and mild HCl acid-treated samples are shown in Fig. 2 . Prawns treated with acetic acid for 15 min separated into ten protein bands but extending treatment up to 30 or 45 min resulted in a decreased number of bands to nine in both cases. Among these protein bands, 20, 34, 40 and 75 kDa were more prominent in intensity, whereas 25, 45 and 60 kDa were less intense and 175, 213 and above 250 kDa were significantly lower in intensity compared to other bands. At all three time-points, protein bands with a molecular weight of 37 kDa were clearly absent. HCl-treated samples showed similar protein bands and intensities. On the other hand, proteins treated with citric acid-phosphate buffer (wide pH range of 2.2-7.45) (Fig. 4a) followed a similar protein profile as those obtained by treatment with acetic and HCl acids.
Frozen samples
Bands of the frozen prawn protein samples represented in Fig. 2 showed a similar pattern to the control sample although the intensity of the bands was slightly greater (P ≥ 0.05).
Immunoblotting protein profile in control and treated prawn extracts
The monoclonal antibody binding of prawn protein profiles in the control and extracts of treated samples using immunoblotting are shown in Fig. 3 . In the case of control samples, a single band was observed at 37 kDa. However, the single band intensity at 37 kDa for fried samples substantially increased with the rise in temperature. The temperature of boiling also impacted on antibody binding pattern since boiling at 100 and 114°C resulted in high band intensities, whereas at 117 and 121°C, these bands were less pronounced, yet higher than the control. After both treatments (boiling and frying), each band at 37 kDa showed a subband with slightly higher molecular weight.
No protein band was observed for samples treated with acetic and HCl acids, respectively (Fig. 3) . Moreover, this study has also shown that the protein having a molecular weight (37 kDa) also disappeared on the SDS gel and PVDF membrane at pH lower than 5.0 using a wide range (pH 2.2-7.45) citric acid-phosphate buffer (Fig. 4a,b) .
Frozen prawn protein extracts for the samples stored at À20°C for 72 h show a single band (37 kDa) with a slightly increased intensity compared to the control, whereas a gradual increase in band intensity at 37 kDa for the samples stored at À20°C for 1, 2 and 3 months, respectively, represented in Fig. 3 .
Determination and confirmation of tropomyosin molecular weight in control
Unstained SDS-PAGE and immunoblotting protein profile for the determination and confirmation of actual molecular weight of tropomyosin are shown in Fig. 5a -c. After immunoblotting, single bands were observed at 37 kDa in lanes 2, 3 and 5, whereas no band was observed in lanes 4 and 6 (Fig. 5c ).
Quantification of allergen by enzyme-linked immunosorbent assay (ELISA)
Antigenicity in the control, boiled, fried, frozen and acid-treated prawn protein extracts is presented in Table 1 . Frying increased antigenicity significantly (P ˂ 0.05) (6-8 times) compared with the control. Similarly, boiled samples had antigenicity levels significantly (P ˂ 0.05) diminished compared with fried treatments, yet higher than that of the control. On the other hand, antigenicity decreased significantly (P ˂ 0.05), up to 90%, after treatment with acetic or HCl acid, compared with the control. Initial freezing had no major effect (P ˃ 0.05) on antigenicity after 72 h, 1 or 2 months of frozen storage; however, the samples stored for 3 months had a significantly (P ˂ 0.05) higher antigenicity compared to the control.
Discussion
Impact of processing on prawn protein profile
Prawns are usually processed by boiling, frying, freezing or pickling to increase palatability, ensure long shelf-life and improve the safety of the product (Yamagata & Low, 1995; Kumar & Basu, 2001; Liu et al., 2010; Lepski & Brockmeyer, 2013) . However, thermal treatments have an adverse effect on structural modification of prawn proteins through denaturation, loss of primary, secondary or tertiary structures, formation of new inter or intramolecular structures, aggregation and reorganisation of disulphide bridges. These changes ultimately have either a positive or negative effect on antigenicity (Chatterjee et al., 2006; Oliveira et al., 2013) .
Control
The protein bands on SDS gels for untreated prawn extracts have previously been identified as myosin light chain and sarcoplasmic calcium-binding protein 20 kDa; tropomyosin 37 kDa; arginine kinase 40 kDa; haemocyanin 75 kDa (Yu et al., 2003; Rahman et al., 2010; Kamath et al., 2013) . In addition, other proteins having a molecular weight of 25, 50, 55, 65, 90 kDa and higher than 250 kDa were also reported (Yu et al., 2003; Rahman et al., 2010; Kamath et al., 2013) , which instigates the need for further identification. In the control, immunoglobulin G (IgG) binds with an antigenic protein of molecular weight 37 kDa on the PVDF membrane in the current study. Previous studies, on the other hand, have detected allergenic components in different species of crustaceans with different molecular weight proteins using patients' sera (Liu et al., 2010; Rahman et al., 2010; Rosmilah et al., 2012; Yadzir et al., 2015) . Kamath et al. (2013) used the similar monoclonal antibody for black tiger prawn proteins and found binding to a protein with a molecular weight of 37 kDa. Tropomyosin contains 284 amino acid residues, with the sequential composition of 17 different types of amino acids (www.uniprot.org/ uniprot/D3XNS0). The probable binding epitope of tropomyosin with a monoclonal antibody is present at 9-19 (QAMKLEKDNAM) amino acid sequence determined in black tiger prawn ), which shows a high level of homology to banana prawn (Chakraborty et al., 2015) .
Heat-treated prawn samples
Heat treatment during frying or boiling likely caused protein structural changes which resulted in the disappearance of most protein bands with molecular weight higher than 45 kDa (Fig. 2) , whereas bands below 45 kDa were only faintly visible in the extract. These observations may be linked to fragmentation and denaturation of proteins having higher molecular weight (45-250 kDa). On the other hand, the presence of lower molecular weight protein bands such as MLC, SCP and AK indicated greater heat stability of sarcomere proteins. Fragmentation and denaturation of higher molecular weight proteins and stability of lower molecular weight proteins exposed to heat processing have also been reported by other researchers (Oliveira et al., 2013; Yadzir et al., 2015) . Proteins unfold and lose secondary and tertiary structures followed by cleavage of disulphide bonds and further formation of inter-and intramuscular interactions and rearrangements of disulphide bonds (Davis & Williams, 1998) . These critical changes expose hydrophobic groups and create irreversible changes as well as aggregation in protein structures (Merril & Washart, 1998) . The overall effect of prawn protein profile on SDS gel after heat exposure in this study showed similarity to various reported profiles for other prawn and crustacean species (Rahman et al., 2010; Kamath et al., 2013 Kamath et al., , 2014 Usui et al., 2015; Yadzir et al., 2015; Lasekan & Nayak, 2016) . On the other hand, immunoblotting protein profile for heat-treated samples (Fig. 3) shows that a protein at 37 kDa withstood heat treatment. This appeared due to heat stability of tropomyosin structure owing to repeating heptads of amino acid sequences along its length with the maintenance of hydrophobic core inside the structure (Brown et al., 2001) . In addition, tropomyosin is wound tightly to the surface of actin filament through gestalt-binding interactions, which further provides rigidity (Holmes & Lehman, 2008) . The IgG binding after frying has increased in a temperature-dependent manner, likely due to the breakdown of these interactions resulting in structural unfolding and ultimately unmasking of hidden epitopes of tropomyosin. In addition, tropomyosin does not contain any cysteine residues (www.uniprot.org/ uniprot/D3XNS0); therefore, the formation of interor intradisulphide bonds is prevented, which may have prevented aggregation and thus possibly enhancing antigenicity (Albrecht et al., 2009; Kamath et al., 2013) . On the other hand, boiling decreased antigenicity with the rise in temperature, which is opposite to frying, due to change in protein-solvent interactions as the water was drawn out during frying. Gestalt-binding interactions appear affected by boiling temperature and localised pressure gradients, which seem to have a counteracting effect as rise in temperature tends to minimise while the pressure favours reinforcement of these interactions. Moreover, tropomyosin contains a high number of hydrophilic amino acids, such as glutamic, lysine, arginine and aspartic, rendering it soluble in water during boiling at elevated temperature (Kunimoto et al., 2009; Usui et al., 2013) . The presence of tropomyosin and its fragments during boiling of prawn has also been reported previously (Daul et al., 1994) . The combined effect of localised pressure and solubility of tropomyosin allowed for greater interactions between tropomyosin and actin (Holmes & Lehman, 2008) , likely masking epitopes and minimising antigenicity compared to frying. Lasekan & Nayak (2016) similarly reported a decline in IgE binding upon boiling at 100 and 121°C of Penaeus monodon shrimp. In addition, the formation of subfragments close to 37 kDa in both boiled and fried extracts may have indicated interaction of lysine with a reducing sugar in prawn muscle through Maillard reaction (Wegrzyn & Fiocchi, 2009; Kamath et al., 2013; Zha et al., 2015) .
Acid-treated prawn samples Acetic acid-and HCl acid-treated prawn extracts rendered proteins more soluble at lower pH resulting in fewer protein bands on the SDS gel between 10 and 250 kDa compared with the control (Fig. 2) . However, those that appeared had increased intensities at 20 kDa (myosin light chain and sarcoplasmic calciumbinding protein), 34, 40 (arginine kinase) and 75 kDa (haemocyanin) indicating possible accumulation of these proteins. In addition, accumulation of 20 and 40 kDa proteins after 30 min of acid treatment demonstrates further aggregation of protein due to noncovalent, especially hydrophobic, attractions and creation of hydrogen bonds (Xu et al., 2012) .
The degree of protein disappearance and solubility for the samples treated with acetic and HCl acid (Fig. 3) is directly related to hydrophobic and electrostatic interactions. Below isoelectric point (pI), electrostatic repulsion is greater than hydrophobic attraction, ultimately enhancing the solubility of proteins (Mohan et al., 2007) . To confirm this behaviour of acids on proteins and disappearance of 37 kDa below pH 5.0, prawn proteins were treated with a wide range (pH 2.2-7.45) citric acid-phosphate buffer (Fig. 4a,b) . As the pI of 37 kDa protein is about pH 5.0, a shift in the overall electropotential of this protein below its pI was likely the cause of lack of immunoreactivity after acid treatment.
Frozen prawn samples
Freezing is widely used to retard spoilage of seafood, yet biochemical changes such as deterioration of muscle, structural changes of actomyosin complex, exposure of hydrophobic residues and ATPase enzyme activity continue during frozen storage (Inoue et al., 1992; Hossain et al., 2004; Fennema, 2008) . The increased intensity of protein bands (Fig. 2) likely appeared due to the activity of an ATPase. This enzyme acts on higher molecular weight proteins during storage and gradually denatures them, producing free amino acids and peptides, which ultimately increased band intensity of lower molecular weight proteins (Fukuda, 1984; Jiang & Lee, 1985; Inoue et al., 1992) . A similar trend in an enzymatic activity possibly exposed binding epitopes which resulted in a gradual increase immunoblotting reactivity with the 37 kDa protein (Fig. 3) during storage. Furthermore, structural changes due to the formation of larger icecrystals during slow freezing and destruction of hydrated layers surrounding polar residues likely caused freeze-induced time-dependent denaturation of proteins (Hossain et al., 2004) and exposed internal epitopes resulting in increased antibody binding.
Determination and confirmation of molecular weight of tropomyosin
The molecular weight of tropomyosin protein was confirmed (Fig. 5 ) using a specific antibody, which binds only to the 37 kDa protein. Yadzir et al. (2015) reported the molecular weight of tropomyosin as 37 kDa and determined using LC/MS, whereas other researchers have reported different molecular weights of tropomyosin ranging from 32 to 39 kDa (Table 2) . We developed a method described in Fig. 1 to determine the molecular weight of banana prawn tropomyosin based on SDS-PAGE and antibodies (Anti-Tropomyosin, MAC 141; Goat Anti-Rat IgG H&L HRP pre-adsorbed). The method identified the location of the protein and corresponding molecular weight using a standard marker.
Quantification of allergen by enzyme-linked immunosorbent assay (ELISA)
The current study used sandwich ELISA quantification of antigenicity in differently processed prawn samples due to its specificity and precision (Shimakura et al., 2005) . Results depicting alteration in immunoreactivity of prawn antigen were clearly processing method dependent and similar to immunoblotting (Table 1 ). The increased intensity of IgG binding using ELISA kit was observed for frying samples in a temperature-dependent manner, whereas a reverse trend was seen for boiling. Similarly, IgG binding to the antigen for frozen samples had an upward trend. The significant decrease in antigenicity achieved by acid treatment was also likely due to partial hydrolysis of proteins, rendering epitopes unavailable. Smaller protein fragments (less than 10 kDa) likely passed through the gel during electrophoretic separation indicated by the absence of a band at 37 kDa (Fig. 3) .
Conclusion
Antigenicity of prawn tropomyosin was clearly treatment dependent. Temperature and the presence of water appear important factors in governing levels of antigenicity. Elevating temperature during frying or boiling increases antigenicity by 6-8 times or 2.5-4 times, respectively. Thus, a new processing method is required to produce less antigenic prawn products. Mild acid treatment (pickling) with acetic acid may be considered as application of this approach resulted in significant reduction in, up to 90%, antigenicity. Prolonged storage (3 months or longer) of prawns at À20°C appears to be detrimental as it increases antigenicity significantly. Considering contemporary food preparation techniques, boiling of prawns at 121°C for 15 min appears to be more acceptable than other heat processing method, although still 2.5 times greater antigenic than raw prawn.
